Abstract---
INTRODUCTION
HE morphometric analysis of the drainage basin and channel network play a vital role in understanding the hydro-geological behavior of drainage basin and expresses the prevailing climate, geology, geomorphology and structure. It provides a quantitative description of the basin geometry to understand its slope, structural controls, geological and geomorphic history of drainage basin [1] . Morphometry is the measurement and mathematical analysis of the configuration of the earth's surface, shape and dimensions of its landforms [2] . Watershed is a natural hydrological entity which allows surface run-off into a defined channel, drainage, stream or river at a particular point. Watershed size varies, according to the watershed atlas prepared by AIS & LUS [3] , the mean area of watershed is less than 500km 2 (± 50%). The technical guideline for IMSD project NRSA [4] has further classified the watershed into sub-watershed (30-50 km 2 ), mini-watershed (10-30 km 2 ) and micro-watershed (5-10 km 2 ). Earlier, morphometric analysis was carried out by a number of researchers using remote sensing techniques [5] [6] [7] [8] .
The relationship between various drainage parameters and the aforesaid factors are well recognized [9] [10] . The SRTM data was used to understand the hydrological system, which has given a precise and reliable result [11] [12] [13] .
The aim of the present study is to understand the morphometric characteristics of major sub-watersheds of Aiyar and Karai-Pottanar basin, Tamil Nadu.
II.
STUDY AREA
The present study helps to understand the relation and variation of major sub-watersheds in Aiyar and Karai-Pottanar basin, Tamil Nadu. The study area lies between 10 º 53'-11º 25' N and 78º 8'-78º 41' E ( Figure.1 ). The geomorphology of this region comprises of pediplains, alluvial plains, structural hills, residual hills, valley fills, pediments, buried pediments, and upland plateau with undulating plain. Regional geology is composed of alluvium, laterite, granite, dolerite, quartzite, charnockite, granite gneiss, sandstone, and limestone. Soil in this region is predominant of black cotton soils, red sandy to loamy soils, alluvial soils, sandy soil, sandy loam, red loam, clay, clay loam, black soil, brown soil, and mixed soil. The average temperature in the study area varies from 23.8 °c -40.7° C with an average rainfall of about 650mm -1089mm. [18] . The results of morphometric parameters have been determined and are discussed briefly. The size of a drainage basin acts upon the amount of water yield, the length, shape and relief, affect the rate at which water is discharged from the basin and total yield of sediments.
A. Slope and Aspect
Aspect refers to the direction side to which the mountain slope faces. The value of the output raster data set represents the compass direction of the aspect. 0º is true north; 90º is to the east and so forth ( Figure. 2). The aspect of a slope can make very significant influences on its climate. This can have influence over the vegetation in the study area [13] .
Slope analysis is an important parameter in geomorphic studies. A detailed understanding of slope distribution as the map helps in planning for various aspects like, settlement, agriculture, planning of engineering structure, etc., [18] . It helps to understand and identify the area prone to erosion and sediment runoff. The slope map for the study area is extracted from SRTM data using spatial analysis tool in ArcInfo 9.2. The degree of slope of SWS-I vary between 0º to 53.67º, SWS-II varies between 0º to 47.33º, SWS-III varies between 0º to 2.84º, SWS-IV varies between 0º to 62.49º from ( Figure. 3). Slope grid is identified as the maximum rate of change in value from each cell to its neighbors [19] . Hence from the slope map it can be indentified that the region with high runoff and high erosion rate are from higher degree of slope. I  II  III  IV  V  VI  VII  I  II  III  IV  V  VI  VII   1   Stream  order  (Total )   3800  799  160  38  7  3  1  136  5  295  63  14  8  2 
B. Stream Number (Nu)
It is understood that the total number of stream decreases with stream order increases. The number of stream of each order and the total number of streams were computed (Table  2A and 2B) using GIS tools.
C. Stream Order (u)
The designation of stream orders is the first step in drainage basin analysis and is based on hierarchical ranking of streams. In the present study, this ranking is carried out based on proposed method, [1] Table 1 . The first order stream has no tributaries; the second order has only first order as tributaries, similarly third order streams has first and second order streams as it tributaries and so on it goes till its maximum highest order. The variation in stream order in the study area is due to physiographic and structural condition of the region. SWS-I, SWS-II, SWS-IV, have a maximum drainage network of seventh-order basin, SWS-III have a maximum drainage network of fifth-order basin.
D. Stream Length (Lu)
The stream length (Lu) has been computed based on the proposed law [9] . The stream number at various orders in a watershed is counted and their length from mouth to drainage divide is measured with the help of ArcGIS. The length of stream segments is maximum for first order stream and decreases as the stream order increases. If there is any deviation from its general behavior indicates that the terrain is characterized by high relief/moderately steep slopes, underlain by varying lithology and probable uplift across the basin [20] . From the logarithms it can be inferred that the number of streams of a given order, when plotted against the order, the point lie on a straight line [9] .
E. Mean Stream Length (Lsm)
The mean stream length (Lsm) of a channel is the characteristic size of drainage network components and its contributing basin surface [1] . It is calculated by dividing the total stream length of order "u" by the number of stream of segments in the order (Table 2A, 2B) . The Lms values of the study area are SWS-I vary from 0.37 to 35.86, SWS-II varies from 0.39 to 7.33, SWS-III varies from 0.34 to 6.34 and SWS-IV varies from 0.39 to 45.47. The Lsm of any given order is greater than that of lower order in all the SWS except at order SWS-II. This may be due to variation in slope and topography.
F. Stream Length Ratio (RL)
Stream length ratio (RL) may be defined as the ratio of the mean length of the one order to the next lower order of stream segment (Table 1 ). Stream length states that mean stream length of each successive orders of a basin tends to approximate a direct geometric series with stream length increasing towards higher order of streams [9] . From the study area it reveals that there is a variation in RL in all the SWS (Table 2A and 2B ). There is a change from one order to another order indicating their late youth stage of geomorphic development [20] . This variation might be due to change in slope and topography.
G. Bifurcation Ratio (Rb)
Bifurcation ratio (Rb) may be defined as the ratio of the number of stream segments of given order to the number of segments of given order to the number of segments of the next higher order [16] . The bifurcation ratio is an index of relief and dissection [9] . The bifurcation shows a small range of variation for different environment except where the powerful geological control dominates [10] . The irregularities are dependent upon the geological and lithological development of the drainage basin [1] . The lower values of Rb are characteristics that the basin has suffered less structural disturbances [1] and the drainage patterns has not been distorted because of the structural disturbances [6] . Higher values of Rb indicate strong structural control on drainage pattern. The mean bifurcation ratios of the study area vary from 3.03 to 4.49, which fall under normal basin category [10] .
H. Drainage Density (D)
Drainage density is defined as the closeness of spacing of channels. It is a measure of the total length of the stream segment of all order per unit area. Slope gradient and relative relief are the main morphological factor of drainage density. The significances of D as a factor determining the time of travel by water in a terrain and it also suggests that the D value vary between 0.55 and 2.09 km/km 2 in a humid region with an average of 1.03 km/km 2 [21] . Low drainage density generally result in the area of highly resistant or permeable subsoil material and high drainage density is the resultant of weak or impermeable subsurface material [6] . Low drainage density leads to coarse drainage texture while high drainage density leads to fine drainage texture. Here in this study area, the drainage density range between 3.31 to 3.56 km/km 2 , which is an indicative of coarse drainage.
I. Drainage Texture (T)
Drainage texture is the total number of stream segments of all orders per perimeter of that area [9] . The drainage texture depends upon a number of natural factors such as rainfall, vegetation, climate, rock and soil type, infiltration capacity, relief and stage of development [15] . The drainage texture is classified into five class such as very coarse (<2), coarse (2-4), moderate (4-6), fine (6-8), very fine (>8) [15] . In the study area, all the SWS value range above 10 which comes under the class very fine drainage texture.
J. Stream Frequency (Fs)
The stream frequency (Fs) or channel frequency is the total number of stream segments of all order per unit area [14] . Fs mainly depend on the lithology of the basin and the texture of the drainage network. The stream frequency value in the study area varies between 6.57 to 6.90 km/km 2 . The Fs and the drainage density values of the SWS are positively correlated. This indicates that the increase in stream population is connected to that of drainage density.
K. Elongation Ratio (Re)
The elongation ratio (Re) is the ratio between the diameter of the circle of the same area as the drainage basin and the maximum length of the basin [16] . A circular basin is more efficient in the discharge of runoff than an elongated basin [20] . The values of Re vary from 0.6 to 1.0 over a wide variety of climatic and geologic type. Values close to 1.0 are typical of region of very low relief, whereas values in the range 0.6 to 0.8 are usually associated with high relief and steep ground slope [1] . It can be grouped into three class namely Circular (>0.9), Oval (0.9-0.8), and Less elongated (<0.7). SWS-II shows Re value of 0.89 which falls in the oval class. Rest all other SWS shows Re value range between 0.65 to 0.68, which comes under elongated class. This reveals that the majority of the area has high relief and steep sloped.
L. Circularity Ratio (Rc)
The circularity ratio Rc of the basin is the area of a circle having the same circumference as the perimeter of the basin [22] . It is influenced by the length and frequency of stream, geological structures, landuse/ landcover, climate, relief and slope of the basin. It is a significant ratio that indicates the dendritic stage of a watershed. Low, medium and high values of Rc indicate the young, mature, and old stages of the life cycle of the tributary watershed. The Rc values of SWS-II is 0.62 which shows more or less circular and all the rest SWS shows less than 0.5 indicating they are less or more elongated.
M. Form Factor (Rf)
The form factor Rf is the ratio of the basin area to the square of the basin length [9] . This factor indicates the flow intensity of a basin of a defined area. The form factor value should be always less than 0.7854 (the value corresponding to a perfectly circular basin). The smaller the value of the Rf, the more elongated will be the basin. Basin with high-form factors experiences larger peak flows of shorter duration, whereas elongated watershed with low-form factor experience lower peak flows of longer duration. The Rf values of SWS-II are 0.62 which is more or less circular basin, and rest of the SWS range between 0.33 to 0.36 which is more or less elongated basin with lower peak flows of longer duration than the average.
N. Length of Overland Flow (Lg)
It is the length of water over the ground before it gets concentrated into definite stream channels [9] . This factor relates inversely to the average slope of the channel and is quite synonymous with the length of sheet flow to a large degree. It is approximately equals to half of reciprocal of drainage density [9] . Lg for all the SWS-II is 0.62 and rest SWS varies from 0.33-0.36.
O. Relief (R)
Relief is defined as the difference in elevation between lowest and the highest point of a basin. Its significant role in landforms development, drainage development, surface and subsurface water flow, permeability and erosional properties of the terrain can be understood. The total relief of SWS-I is 1306m, SWS-II is 698m, SWS-III is 50m, and SWS-IV is 1313m, respectively (Figure.4) . The high relief value indicates high gravity of water flow, low permeable and high runoff conditions. 
P. Relief Ratio (Rh)
It is the horizontal distance along the longest dimension of the basin parallel to the principal drainage line [16] . It indicates the overall steepness of a drainage basin and is an indicator of intensity of erosion processes operating on the slope of the basin. Rh normally increases with decreasing drainage area and size [23] . The relief ratio of the SWS ranges between 0.0040 to 0.0338.
Q. Constant Channel Maintenance (C)
It is the inverse of drainage density as a property to define term constant channel maintenance [16] . It defines the number of sq.ft, of a watershed surface required to sustain one liner feet of channel. The values of C for the study area vary between 0.28 to 0.30 respectively. Thus the SWS are under the influence of high structural disturbance, low permeability, steep to very steep slope and high surface runoff.
From the result it is inferred that the drainage basin is an important landform in fluvial geomorphology and it has relevance to morphometric analysis. The SWS-III is a fifth order basin, and rest all other SWS are seventh order basin. The drainage exhibits dendritic to sub-dendritic pattern. The mean bifurcation ratio varies between 3.03 to 4.39 and falls under normal basin category. High bifurcation ratio determines that the region subjected to strong structural control on the drainage. Drainage density shows coarse drainage and texture shows fine drainage texture. The elongation ratio varies between 0.65 to 0.89, in which SWS-II shows oval shape and rest other shows elongation pattern. The Rc values of SWS-II is 0.62 which shows more or less circular and all the rest SWS shows less than 0.5 indicating they are less or more elongated. From the above study, it is understood that the morphometric analysis plays a major role in determining the fluvial landforms in a basin scale.
